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INTRODUCTION

In the past, semiconductor nanoparticles gained importance
innumerous industrial, biomedical and electronic applications
due to their extremely large surface area with quantum size
effect [1]. The synthesis and characterization of semiconductor
nanoparticles are crucial in determining their exclusive prop-
erties and applications [2]. In recent times, these nanoparticles
are successfully utilized in various commercial products including
solar cells, catalysts, light-emitting diodes and opto-electronic
devices [3]. Metal oxide nanoparticles are unique semicond-
uctors that possess enhanced large surface area, chemical
stability, biocompatibility, improved electrical characteristics,
elevated optical absorption with less toxicity, compared to other
nano-sized semiconductors. Further, these nanoparticles are
utilized as building blocks for optoelectronic and electronic
devices [4]. Among metal oxide nanoparticles, ZnO is exten-
sively used in several applications due to their direct, extensive
band gap of 3.37 eV, elevated exciton binding energy of 60 meV,
eclectic transparency, increased electron mobility, robust room
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temperature luminescence, enhanced chemical stability, improved
flexibility and absorption during fabrication. These properties
of ZnO nanoparticles have attracted researchers to fabricate
optoelectronic devices and luminescent materials [5].

Several studies reported chemical approaches for the fabri-
cation of ZnO nanopowders with different sizes, morphologies
and surface properties [6-8]. In recent times, coprecipitation,
microemulsion, laser ablation, solid state reaction method, melt
mixing and ball milling is used to synthesize ZnO nanopowders
for desired applications [9-11]. However, utilization of toxic
chemicals and tedious synthesis procedures are considered as
challenges to use these approaches for down streaming processes
[12-15]. Thus, the present study focuses on utilizing simple
sol-gel procedure with commonly available, less toxic and cost-
effective zinc precursors to fabricate ZnO nanopowders for
optoelectronic device applications [16]. Further, literatures
suggested that the synthesis parameters such as concentration
and type of precursor, reaction time, pH variations, temperature,
concentration of reagents and catalysts, phase transition in sol-
gel process and calcination has ability to influence the size



distribution of ZnO nanopowders. The alterations in size distri-
bution and morphology of ZnO nanopowders due to synthesis
parameters eventually leads to the adjustments in the electrical,
optical and magnetic entities of nanoparticles for suitable appli-
cations [17-19]. Hence, the present study also focuses on
identi-fying the outcome of distinct zinc precursors in
controlling the ZnO crystallite size, thereby, altering the size
and morphol-ogy of nanopowders via sol-gel method to be
beneficial in opto-electronic device fabrications.

EXPERIMENTAL

Chemicals such as zinc chloride with molecular weight
of 136.2 g/mol and 98 % purity and Zn(NO3)2·6H2O with
molecular weight of 189.3 g/mol and 98 % purity are procured
from Sigma-Aldrich (Singapore) and used as precursors. Other
chemicals such as sodium hydroxide with molecular weight
of 39.9 g/mol and 98 % purity as gelling agent and 99 % pure
ethanol with molecular weight of 46.07 g/mol as solvent were
purchased from Alfa-Aesar (India). All the chemicals utilized
in the current study are in analytical grade and no further purifi-
cation processes are required before experiment.

Fabrication of ZnO nanopowders: Initially, 0.2 M of
zinc nitrate was dissolved in aqueous ethanol solution under
constant stirring for 2 h in a magnetic stirrer. Simultaneously,
0.2 M of NaOH was dissolved in aqueous ethanol. The aqueous
solution of NaOH was mixed slowly with an aqueous zinc
nitrate solution for 10 min under constant stirring for 350 rpm.
Later, the transparent solution with precursor and gelling agent
are allowed for constant stirring for 3 h, until the solution turns
into white gel. In this procedure, the reaction temperature was
maintained at 70 ºC, constantly throughout the experiment. The
obtained white gels were sealed in a beaker and left undisturbed
for over-night (12 h) for complete settlement of particles. The
white gel was then cleaned with deionized water and ethanol
for three times to eliminate unreacted impurities. The washed
sample was dried in an oven at 70 ºC for 24 h. The drying
process leads to white powders which were subjected to further
systematic characterizations to evaluate the formation of ZnO
nanopowders. A similar procedure was used to synthesize ZnO
nanopowders from zinc chloride. Finally, both the samples
were analyzed to evaluate the outcome of zinc precursors in
altering the properties of ZnO nanopowders.

The synthesized nanopowders were labeled as sample A:
ZnO nanopowders synthesized by zinc chloride as precursors,
and sample B: ZnO nanopowders synthesized by zinc nitrate
as precursors

X-ray diffraction: The XRD pattern of powders was
recorded via powder X-ray diffractometer (XRD-SMART lab-
Rikagu, Japan) under the conditions such as secondary CuKα
monochromatic radiation of wavelength λ = 0.1541 nm at 40
kv/50 mA in the scan range of 2θ = 20 to 90º. The powder
samples are mounted on a glass slide and the crystallographic
properties including crystallite size and lattice strain are deter-
mined from XRD pattern.

Scanning electron microscopy (SEM): SEM micrographs
of nanopowders are observed at different magnifications using
field emission scanning electron microscope (FESEM-SUPRA
55-CARL ZEISS, Germany). A drop of nanopowder samples

were dissolved in methanol and were mounted over a copper
grid. The SEM micrographs are highly beneficial in studying
the morphology of the nanopowders.

Fourier transform infrared (FTIR): FTIR spectra of
sol-gel samples were obtained from FT-Raman Spectrophoto-
meter 5000-50 cm-1 (Bruker RFS). The vibrational peaks in
the FTIR spectra represent the functional group present in the
sample.

UV-visible absorption: The optical properties of ZnO
nanopowders are determined from Varian Cary 5E UV-VIS
NIR. The spectra contain information about various absorption
peaks present in both ultraviolet and visible region. The powder
was methanol dissolved and the colloidal nanopowders are
placed in a quartz cuvette with a 1 cm path length to analyze
the optical property of samples.

Photoluminescence: The photoluminescence spectra of
the samples are obtained via a spectrofluorometer (F-2500
FL Spectrophotometer, Hitachi). The powder was dissolved
in ethanol for recording spectra and the peaks help to identify
the luminescence emission and the behaviour of the samples
in UV and visible light region.

RESULTS AND DISCUSSION

Crystallinity of ZnO nanopowders: Crystallographic
properties of nanopowders including composition, lattice para-
meter, crystal structure, dislocation density and residual stress
are obtained from XRD spectra. Figs. 1 and 2 represent the
XRD spectrum of ZnO nanopowders that are fabricated using
zinc chloride (sample A) and zinc nitrate (sample B) as precursors,
respectively. XRD patterns of both the samples revealed the
formation of typical wurtzite ZnO structure (hexagonal phase,

In
te

ns
ity

 (
a.

u.
)

10 20 30 40 50 60 70 80
2  (°)θ

Fig. 1. XRD spectrum of sample A
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Fig. 2. XRD spectrum of sample B

1826  Vanaja et al. Asian J. Chem.



space group P63mc and JCPDS no. 36-1451). All the peaks in
both the samples are exactly matching with JCDPS file that
represents wurtzite ZnO with certain increments in the peak
intensities, peak shifts and presence of peaks due to presence
of impurities. The average nanopowder crystallite size was
attained from the peaks of XRD via Scherer′s equation of D =
0.9 λ/βcos θ, where λ is the incident XRD beam wavelength,
θ is the angle of Bragg′s diffraction and β is the full width-half
maximum of XRD peaks in radians. The crystallite size and
lattice strain are calculated to be 61.26 and 0.0024 nm for
sample A and 37.87 nm and 0.0030 for sample B, respectively.
The results revealed that a high crystalline ZnO nanopowders
are formed, when zinc nitrate is used as precursor compared
to zinc chloride [20,21].

Morphology of ZnO nanopowders: Figs. 3 and 4 represent
the SEM micrographs of nanopowders that are viewed at various
magnifications. The micrographs proved the nanosized ZnO
formation. The correlation of XRD spectra and the SEM images
demonstrated that different zinc precursors influence the morp-
hology of ZnO nanopowders. Further, the SEM images of
sample A demonstrate the formation of particles with different
morphologies such as rectangular, triangular and cube-like and
the presence of spherical particles in sample B. Furthermore,
the agglomeration of nanoparticles is less in both the samples
which revealed their monodispersity property [22].

FTIR analysis: Figs. 5 and 6 represents the FTIR spectra
of sample A and B, respectively, are obtained at room temper-
ature in the wavenumber between 4000-400 cm-1. Peaks attri-
buted to water molecules are observed around 3400 cm-1 in
the form H and OH. Strong peaks appeared around 1600 and
1300 cm-1 show the existence of C=O and C-O stretching
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Fig. 5. FTIR spectra of sample A

vibrations of carbonyl group. The peak at 2043.09 cm-1 present
in sample A and two peaks at 2406 and 2096 cm-1 present in
sample B are due to the atmospheric CO2 that interacted with
the sample. FT-IR spectra exhibited Zn-O vibrational band at
450 cm-1, which confirms the existence of zinc oxide in both
the samples [23].

Optical properties of ZnO nanopowders: Absorption
of scattered visible (390 nm to 800 nm) and UV-light (190 nm
to 390 nm) and its evaluation via spectroscopy is a technique
to characterize the optical properties of samples. The spectrum
of absorption will reveal various absorption bands that represent
the structural groups within the molecule.

Fig. 3. SEM micrographs of sample A

Fig. 4. SEM micrographs of sample B
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Fig. 6. FTIR spectra of sample B

Figs. 7 and 8 represented the spectra of optical absorption
by sample A and B, respectively. Absorption characteristics
of nanopowders are demonstrated from these spectral analyses.
The absorption peak of excitons are detected around 230 nm,
which is present at 388 nm that are below the wavelength of
bulk ZnO band gap (Eg = 3.2 eV). From the spectral analysis,
it is also demonstrated that ZnO exhibited a sharp absorption
peak, which specifies the monodispersity of samples. It is evident
that the edge of absorption peaks shifts systematically towards
the lower wavelength or elevated energy, depending on the
nanoparticle size that are fabricated with different precursors.
This noticeable and efficient shift in the edge of absorption
peaks is due to the nanosized quantum effect of ZnO powders
[24].

Photoluminescence: Figs. 9 and 10 represent the photo-
luminescence spectra of sample A and B, respectively, which
are recorded over the wavelength range 350-600 nm. Three
unique peaks of emission were detected in the photolumine-
scence spectra. The emission peak around 360 nm is related
to the radiative electrons and photogenerated holes recombina-
tion. In addition, the two peaks are noticed around 490 and
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Fig. 7. Optical absorption spectra of sample A
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Fig. 8. Optical absorption spectra of sample B
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Fig. 9. Photoluminescence spectra of sample A
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Fig. 10. Photoluminescence spectra of sample B

500 nm in the visible region. Emissions spectra in the visible
light region may emerge due to numerous defect levels, such
as doping, presence of interstitial zinc ion and vacancies formed
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due to the ionization process of oxygen. However, present study
doesn′t focus on the dopants and thus, the impurities in the
crystal structure are not an influential factor that elevates lumine-
scence. From photoluminescence spectra, it is evident that no
significant alterations in the emission peak position were
observed, due to the influence of different zinc precursors.
Small alterations in the intensities of trap-state emissions are
also detected in both samples A and B synthesized with different
zinc precursors [25].

Conclusion

Zinc oxide nanopowders are synthesized via sol-gel approach
at room temperature using different zinc precursors, which
are analyzed using XRD, SEM, FTIR spectroscopy, UV-visible
optical absorption and photoluminescence spectroscopy. Influ-
ence of zinc precursors on the crystal structure, shape and
optical entities of ZnO nanopowders is analyzed. XRD revealed
that powders with different zinc precursors contribute to the
formation of ZnO nanopowders with hexagonal wurtzite structure
and different crystalline sizes of 61.26 nm (sample A) and
36.87 nm (sample B). The morphology of nanopowders is nearly
spherical in sample B, whereas different morphologies are
present in sample A. FTIR spectral analysis authenticates the
existence of Zn-O in both the samples along with carbonyl
functional groups. The optical studies showed that the nano-
powders have a strong absorption band in the UV region and
emit visible light at high intensity. Thus, it is proved from the
present study that zinc precursors are significant in determining
the properties of ZnO nanopowders and zinc nitrate yields
smaller as well monodispersed nanopowders that are beneficial
for the fabrication of optoelectronic devices.
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